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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to an earphone, 
and more particularly to an earphone suitable for use 
with a radio receiver in a noisy environment such as an 
automobile racing circuit, a construction site, or the like. 

Description of the Prior Art: 

[0002] In automobile racing, conversations between 
the drivers of racing automobiles and pit members or 
directors are usually transmitted and received typically 
through transceivers. The driver hears transmitted con- 
versations with a small-size loudspeaker, a headset, or 
an earphone which is incorporated in a helmet that the 
driver wears to protect his head. The noise produced by 
a racing car while it is running has a very high level of 
up to 1 00 through 1 20 dB. While the helmet has a certain 
noise insulating capability as it covers the driver's ears, 
such a high racing noise level is excessive enough to 
make the helmet ineffective as a noise insulation. Con- 
ventional earphones are designed for use with audio 
systems or in low-noise environments, and cannot be 
used in noisy environments as the transmitted informa- 
tion that is reproduced by the earphones is masked by 
the noise. 

[0003] In view of the aforesaid problems, there have 
been developed earphones with a noise insulating ca- 
pability as disclosed in Japanese laid-open utility model 
publications Nos. 2-21891 and 2-75890, for example. 
[0004] The earphone disclosed in Japanese laid- 
open utility model publication No. 2-21891 has an 
acoustic passage extending from an electroacoustic 
transducer toward an end to be inserted in an external 
auditory meatus of the user, the acoustic passage being 
in the form of an air vibratory system. Since sound pro- 
duced by the electroacoustic transducer is propagated 
through the air in the acoustic passage by means of 
wave motion, external noise may leak through a vibra- 
tory plate of the electroacoustic transducer and the 
acoustic passage into the external auditory meatus. 
[0005] Japanese laid-open utility model publication 
No. 2-75890 discloses a headset having a vibration 
damping material for insulating sound. The headset in- 
cludes pads for covering the user's ears. When the pads 
are not properly held against the ears, external noise 
tends to leak through the headset into the external au- 
ditory meatus. 

[0006] Inasmuch as the conventional earphone or 
headset is designed to propagate sound waves through 
air, its noise insulating capability is not sufficient in noisy 
environments such as automobile racing circuits, con- 
struction sites, engine compartments on ships, or the 
like. 
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[0007] DE-A-3916995 discloses an earpiece with a 
central open channel. The provision of this channel in 
the earplug means that it cannot isolate the auditory 
meatus from external noise. DE-C-3836036 discloses a 

s helmet with a hearing device. This document discloses 
a central hole in the disclosed earplug. 
[0008] It is an object of the present invention to pro- 
vide an earphone which is capable of reliably insulating 
noise when used in noisy environments, and also of 

10 clearly transmitting desired information to the user of the 
earphone. 

[0009] According to the present invention, there is 
provided an earphone comprising: 

is an earplug of sound insulating elastic material for 
fitting in an ear; and 

an elastic vibration generator responsive to an elec- 
tric signal supplied thereto for generating and ap- 
plying an elastic wave, corresponding to the sup- 
20 plied electric signal, to an outer end of the earplug; 
characterised by: 

the earplug in use fitting in and shutting the external 
auditory meatus of the ear so as to acoustically iso- 
late the external auditory meatus from the outside 
25 of the ear. 

[0010] According to the present invention, there is al- 
so provided a hearing device comprising an earphone 
as defined above and 

30 

a headgear to be worn by a user, said elastic vibra- 
tion generator being attached to the headgear at a 
position corresponding to the external auditory 
meatus. 

35 

[0011] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following description when taken in con- 
junction with the accompanying drawings in which pre- 
40 ferred embodiments of the present invention shown by 
way of illustrative example. 
[001 2] In the drawings: - 

FIG. 1 is a side elevational view, partly in cross sec- 
45 tion, showing the principles of an earphone accord- 
ing to the present invention; 
FIG. 2 is an exploded perspective view of an ear- 
phone according to a first embodiment of the 
present invention; 
50 FIG. 3 is a side elevational view showing the man- 
ner in which the user uses the earphone according 
to the first embodiment; 

FIG. 4 is a cross-sectional view of a dynamic excit- 
er; 

55 FIG. 5 is a cross-sectional view of a magnetic ex- 
citer; 

FIG. 6 is a view showing the manner in which the 
user uses an earphone according to a second em- 
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bodiment of the present invention; 

FIG. 7 is an exploded side elevational view, partly 

in cross section, of an earphone according to a third 

embodiment of the present invention; 

FIG. B is an exploded side elevational view of an 

earphone according to a fourth embodiment of the 

present invention; 

FIG. 9 is a side elevational view, partly in cross sec- 
tion, showing the manner in which the user uses an 
earphone according to a fifth embodiment of the 
present invention; 

FIG. 10 is a side elevational view, partly in cross 
section, showing the manner in which the user uses 
an earphone according to a sixth embodiment of the 
present invention; 

FIG. 11 is a side elevational view showing the man- 
ner in which the user uses an earphone according 
to a seventh embodiment of the present invention; 
FIG. 12 is a side elevational view of an earphone 
according to an eighth embodiment of the present 
invention; 

FIG. 13 is a side elevational view of an earphone 
according to a ninth embodiment of the present in- 
vention; 

FIG. 14 is a side elevational view, partly in cross 
section, showing the manner in which the user uses 
the earphone according to the ninth embodiment of 
the present invention; 

FIG. 15 is a side elevational view of an earplug ac- 
cording to a first modification; 
FIG. 16 is a side elevational view, partly in cross 
section, of an earplug according to a second mod- 
ification; 

FIG. 17 is a side elevational view of an earplug ac- 
cording to a third modification; 
FIG. 18A is a side elevational view, partly in cross 
section, of an earplug according to a fourth modifi- 
cation; 

FIG. 18B is a cross-sectional view taken along line 
A-Aof FIG. 18A; 

FIG. 1 9 is a view showing an acoustic transmission 
spectrum of an earplug made of a single material; 
FIG. 20 is a view showing an acoustic transmission 
spectrum of an earplug made of complex materials; 
FIG. 21 A is a side elevational view, partly in cross 
section, of an earplug according to a fifth modifica- 
tion; 

FIG. 21 B is a cross-sectional view taken along line 
B-Bof FIG. 21 A; 

FIG. 22A is a side elevational view, partly in cross 
section, of an earplug according to a sixth modifica- 
tion; 

FIG. 22B is a cross-sectional view taken along line 
C - C of FIG. 22 A; 

FIG. 23A is a side elevational view, partly in cross 
section, of an earplug according to a seventh mod- 
ification; 

FIG. 23B is a cross-sectional view taken along line 
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D - D of FIG. 23A; 

FIG. 24A is a side elevational view, partly in cross 
section, of an earplug according to a eighth modifi- 
cation; 

FIG. 24B is a cross-sectional view taken along line 
E - E of FIG. 24A; 

FIG. 25A is a side elevational view, partly in cross 
section, of an earplug according to a ninth modifi- 
cation; 

FIG. 25B is a cross-sectional view taken along line 
F - F of FIG. 25A; 

FIG. 26 is a side elevational view, partly in cross 
section, of an earplug according to a tenth modifi- 
cation; 

FIG. 27 is an exploded perspective view of an ear- 
phone according to a tenth embodiment of the 
present invention; 

FIG. 28 is a side elevational view, partly in cross 
section, showing the principles of another earphone 
according to the present invention; 
FIG. 29 is an exploded side elevational view of an 
earphone according to an eleventh embodiment of 
the present invention; 

FIG. 30 is a cross-sectional view of an exciter in the 
earphone according to the eleventh embodiment; 
FIG. 31 is a fragmentary cross-sectional view of an 
earphone according to a twelfth embodiment of the 
present invention, as it is used by the user; 
FIG. 32 is a fragmentary cross-sectional view of an 
earphone according to a thirteenth embodiment of 
the present invention, as it is used by the user; 
FIG. 33 is a side elevational view of an earplug for 
an earphone according to a fourteenth embodiment 
of the present invention; and 
FIG. 34 is a fragmentary cross-sectional view of an 
earphone according to the fourteenth embodiment, 
as it is used by the user. 



DETAILED DESCRIPTION OF THE PREFERRED 
40 EMBODIMENTS 
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[0013] Like or corresponding parts are denoted by like 
or corresponding reference characters throughout 
views. 

[0014] FIG. 1 illustrates the principles of an earphone 
according to the present invention. 
[0015] As shown in FIG. 1 , an earphone according to 
the present invention has an earplug 4 insertable into 
the external auditory meatus 2 of an ear 1, the earplug 
4 being made of a sound insulating material, and an 
elastic vibration generator 5 responsive to an electric 
signal V jN applied thereto for generating and transmit- 
ting an elastic wave V E directly to an outer end of the 
earplug 4 remote from the inner end thereof to be insert- 
ed in the external auditory meatus 2. The elastic vibra- 
tion generator 5 is held in contact with the outer end of 
the earplug 4 for transmitting the elastic wave V E directly 
to the earplug 4. 
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[0016] Since the earplug 4 is made of a sound insu- 
lating material and inserted in the external auditory mea- 
tus 2 of the ear 1 , external noise is prevented from en- 
tering the external auditory meatus 2 through the ear- 
plug 4. The earplug 4 inserted in the external auditory 
meatus 2 also serves as a medium for propagating 
sound, i.e., the elastic wave V E produced by the elastic 
vibration generator 5. Therefore, sound, typically voice, 
from the elastic vibration generator 5 can reliably and 
clearly be transmitted through the earplug 4 to an ear 
drum 3. The earplug 4, which serves as an elastic wave 
propagation medium, is effective to block external noise, 
and also to propagate the elastic wave V E efficiently. 
[0017] The elastic wave V E generated by the elastic 
vibration generator 5 can be transmitted highly efficient- 
ly to the earplug 4 because the elastic vibration gener- 
ator 5 is held in contact with the earplug 4 for direct trans- 
mission of the elastic wave V E to the earplug 4. 

1ST EMBODIMENT. 

[0018] FIGS. 2 through 5 show an earphone accord- 
ing to a first embodiment of the present invention. As 
shown in FIGS. 2 and 3, the earphone according to the 
first embodiment comprises a cylindrical or rod-shaped 
earplug 4 that can be inserted into the external auditory 
meatus 2 of an ear 1 , and a cylindrical exciter 5 (elastic 
vibration generator) coupled to an outer end of the ear- 
plug 4 for generating and applying an elastic wave V E 
directly to the earplug 4. 

[001 9] The earplug 4 has an outside diameter slightly 
larger than the inside diameter of the external auditory 
meatus 2, and is made of a sound insulating material 
such as an elastic foamed polymer, e.g., u ret hane foam, 
which should preferably have a very high internal loss. 
When compressed, the earplug 4 is elastically restora- 
ble to its original shape. The earplug 4 is as hard as an 
ear lobe, and has such a degree of elasticity that when 
in use, it can be compressed by fingers, and after being 
inserted in the external auditory meatus 2, it will elasti- 
cally be restored to its original cylindrical shape within 
an appropriate period of time. When the earplug 4 is re- 
stored to its original cylindrical shape after being insert- 
ed in the external auditory meatus 2, the earplug 4 has 
its outer circumferential surface held in intimate contact 
with the inner wall surface of the external auditory mea- 
tus 2 under pressure. Therefore, the earplug 4 is placed 
in the external auditory meatus 2 tightly enough to 
acoustically isolate the external auditory meatus 2 from 
outside of the ear 1 for the prevention of entry of external 
noise into the external auditory meatus 2. The earplug 
4 may also be made of silicone resin, clay, or the like. 
[0020] The exciter 5 is in the form of a vibrator for gen- 
erating elastic vibration on a vibratory surface 8. The 
exciter 5 may comprise a dynamic exciter 5 as shown 
in FIG. 4 or a magnetic exciter 5 as shown in FIG. 5. 
[0021] The dynamic exciter 5 shown in FIG. 4 has a 
bottomed cylindrical casing 10 of synthetic resin with 
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one axial end open, and a circular vibratory plate 8 of 
metal or magnetic material such as iron mounted on the 
open axial end, closing the casing 10. The casing 10 
houses a bottomed cylindrical yoke 11 suspended 

5 therein with a suitable degree of stiffness by dampers 
12. The yoke 11 has an open axial end direction in the 
same direction as the open axial end of the casing 10. 
An axially extending cylindrical magnet 14 is disposed 
centrally in the yoke 11, with a circular center pole 13 

10 mounted on the tip of the magnet 1 4. The inner circum- 
ferential surface of the yoke 11 and the outer circumfer- 
ential surfaces of the magnet 14 and the center pole 1 3 
define a ring-shaped gap therebetween. In the gap there 
is disposed a ring-shaped voice coil 15 out of contact 

1$ with the yoke 1 1 , the magnet 1 4, and the center pole 1 3, 
the ring-shaped voice coil 15 having an axial end fixed 
to the vibratory plate 8. The voice coil 1 5 is electrically 
connected to leads 7 (see FIGS. 2 and 3) that extend 
from a transceiver (not shown). When an electric signal 

20 v, N is applied over the leads 7 to the voice coil 15, the 
yoke 1 1 vibrates at a frequency corresponding to the fre- 
quency of the applied electric signal V, N through the in- 
teraction between a magnetic field produced in the gap 
by a magnetic circuit composed of the yoke 11, themag- 

25 net 1 4, and the center pole 1 3 and an alternating mag- 
netic field induced by the voice coil 15. The vibration of 
the yoke 1 1 appears as elastic vibration on the vibratory 
plate 8. The outer end of the earplug 4, which is remote 
from the inner end thereof inserted in the external audi- 

30 tory meatus 2, is held in mechanical contact with the vi- 
bratory plate 8, so that an elastic wave V E is propagated 
from the vibratory plate 8 through the earplug 4, thereby 
vibrating the inner end thereof inserted in the external 
auditory meatus 2. 

35 [0022] The dynamic exciter 5 shown in FIG. 5 has a 
bottomed cylindrical casing 16 of synthetic resin with 
one axial end open, and a circular vibratory plate 21 hav- 
ing an outer circumferential edge fitted in a ring groove 
23 defined in the open axial end, closing the casing 16. 

40 The casing 16 houses a bottomed cylindrical yoke 17 
fixedly mounted on the bottom thereof and has an open 
axial end directed in the same direction as the open axial 
end of the casing 16. A cylindrical magnet 18 and a cy- 
lindrical center pole 19 which extend axially are dis- 

45 posed centrally on the bottom of the yoke 17. A ring- 
shaped voice coil 20 is disposed coaxially with and 
around the center pole 19 out of contact therewith, the 
ring-shaped voice coil 20 having an axial end fixed to 
the vibratory plate 21 . The voice coil 20 is electrically 

50 connected to leads 7 (see FIGS. 2 and 3). When an elec- 
tric signal V iN is applied over the leads 7 to the voice 
coil 20, the vibratory plate 21 vibrates at a frequency 
corresponding to the frequency of the applied electric 
signal V IN through the interaction between a magnetic 

55 field produced in a gap defined by a magnetic circuit 
composed of the yoke 1 7, the magnet 1 8, and the center 
pole 1 9 and an alternating magnetic field induced by the 
voice coil 20. The vibration of the vibratory plate 21 is 
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elastic vibration. The outer end of the earplug 4, which 
is remote from the inner end thereof inserted in the ex- 
ternal auditory meatus 2, is held in mechanical contact 
with the vibratory plate 21 , so that an elastic wave V E is 
propagated from the vibratory plate B through the ear- 
plug 4, thereby vibrating the inner end thereof inserted 
in the external auditory meatus 2. 
[0023] The exciter 5 is not limited to the structures 
shown in FIGS. 4 and 5, but may be of any structures 
insofar as they can produce elastic vibration. 
[0024] As shown in FIGS. 2 and 3, the earplug 4 and 
the exciter 5 are joined to each other through the outer 
end of the earplug 4, which serves as a vibration receiv- 
ing surface 9, and the vibratory surface or plate 8 of the 
exciter 5. The earplug 4 and the exciter 5 may be inte- 
grally fixed to each other in advance, but should prefer- 
ably be separate from each other so that they can easily 
be joined to each other when in use. 
[0025] As shown in FIG. 1 , the electric signal V )N ap- 
plied to the exciter 5 is converted into mechanical vibra- 
tion by the exciter 5. The mechanical vibration produced 
by the vibratory plate 8 is transmitted as an elastic wave 
V E from the vibratory plate 8 through the vibration re- 
ceiving surface 9 into the earplug 4. The elastic wave 
V E is then propagated through the earplug 4 toward the 
inner end thereof. When the elastic wave V E reaches 
the inner end of the earplug 4, the inner end vibrates at 
the same frequency as the frequency of the applied 
electric signal V| N , radiating a sound wave V A into the 
external auditory meatus 2. Since the external auditory 
meatus 2 is acoustically isolated from the space outside 
of the ear 1, at this time, the intensity of external noise 
which may enter the external auditory meatus 2 is very 
low. Almost all acoustic energy that reaches the ear 
drum 3 at this time is the sound wave V A radiated from 
the inner end of the earplug 4. Consequently, the user 
of the earphone can clearly hear or perceive the sound 
reproduced from the sound wave V A with a low noise 
background. 

2ND EMBODIMENT: 

[0026] FIG. 6 shows an earphone according to a sec- 
ond embodiment of the present invention. The earphone 
according to the second embodiment includes an excit- 
er 5 having such an outer size or profile that it is snugly 
fitted in the concha 26 of an ear of the user and retained 
in place against removal by the tragus 25 of the ear. 
[0027] The outer surface of the exciter 5 is covered 
with a material having a certain degree of resiliency and 
a coefficient of friction. Therefore, once placed in the ear 
of the user, the exciter 5 is securely held in the ear 
against dislodgement. The material, structure, and 
shape of the earplug and the internal structure of the 
exciter 5 are identical to those of the earphone accord- 
ing to the first embodiment. 
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3RD EMBODIMENT: 

[0028] FIG. 7 shows an earphone according to a third 
embodiment of the present invention. The earphone ac- 
s cording to the third embodiment has an earplug 4A and 
an exciter 5A that are detachably coupled to each other. 
[0029] The exciter 5A has an outwardly extending 
protrusion 27 on the center of the vibratory plate 8, and 
the earplug 4A has a recess 28 defined in the center of 
the outer end or the vibration receiving surface 9 thereof, 
for receiving the protrusion 27 therein. The inside diam- 
eter of the recess 28 may be slightly smaller than the 
outside diameter of the protrusion 27, or the protrusion 
27 may be progressively larger in diameter toward its tip 
end and the recess 28 may be progressively smaller in 
diameter toward its open end, so that the protrusion 27 
that is received in the recess 28 is securely retained 
therein against forces tending to separate the earplug 
4A and the exciter 5A. 

[0030] The earplug 4A and the exciter 5A that are de- 
tachably coupled to each other make the earphone us- 
able conveniently. More specifically, when the earphone 
is to be used, the earplug 4A is first inserted into the 
external auditory meatus 2, and then the exciter 5A is 
joined to the earplug 4A. Since the earplug 4A and the 
exciter 5A can be handled independently, the earphone 
can be handled with ease when it is placed in the ear 
which is of a relatively complex structure. The material, 
structure, and shape of the earplug 4A and the internal 
structure of the exciter 5A are identical to those of the 
earphone according to the first embodiment. 

4TH EMBODIMENT: 

[0031] FIG. 8 shows an earphone according to a 
fourth embodiment of the present invention. The earplug 
4 and the exciter 5 of the earphone according to the 
fourth embodiment are also detachably coupled to each 
other. 

[0032] The exciter 5 has an adhesive tape 29 applied 
to the vibratory plate 8 in a position where the vibration 
receiving surface 9 of the earplug 4 contacts the vibra- 
tory plate 8. In use, the earplug 4 is attached to the ex- 
citer 5 by the adhesive tape 29. The adhesive tape 29 
should preferably be capable of maintaining its adhering 
ability even after the earplug 4 is attached to and de- 
tached from the exciter 5 a number of times. Inasmuch 
as the earplug 4 and the exciter 5 are detachably cou- 
pled to each other, the earphone according to the fourth 
embodiment can also be handled with ease. The mate- 
rial, structure, and shape of the earplug 4 and the inter- 
nal structure of the exciter 5 are identical to those of the 
earphone according to the first embodiment. 



[0033] FIG. 9 shows an earphone according to a fifth 
embodiment of the present invention. The earphone ac- 
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cording to the fifth embodiment has an exciter 5B and 
an earplug 4B which are designed to enable the earplug 
4B to be held in intimate contact with the inner wall sur- 
face of the external auditory meatus 2. 
[0034] The exciter 5B has an outwardly extending ta- 
pered protrusion 30 on the center of the vibratory plate 
8, and the earplug 4B has a recess 48 defined in the 
center of the outer end thereof, for receiving the protru- 
sion 30 therein. The tapered protrusion 30 is slightly 
larger in diameter than the recess 48, so that when the 
protrusion 30 is inserted in the recess 48, joining the 
exciter 5C and the earplug 4C to each other, the recess 

48 and the portion of the earplug 4B which surrounds 
the recess 48 are spread radially outwardly. When the 
earphone is worn by the user, and the exciter 5B and 
the earplug 4B are coupled to each other, the outer end 
of the earplug 4B is spread radially outwardly into inti- 
mate contact with the open end of the external auditory 
meatus 2. Therefore, when used in the ear of the user, 
the earphone according to the fifth embodiment pro- 
vides an increased sound insulating capability against 
the entry of external noise into the external auditory 
meatus 2. The material, structure, and shape of the ear- 
plug 4B and the internal structure of the exciter 5B are 
identical to those of the earphone according to the first 
embodiment. 

6TH EMBODIMENT: 

[0035] FIG. 10 shows an earphone according to a 
sixth embodiment of the present invention. The ear- 
phone according to the sixth embodiment includes a 
conically tapered earplug 4C that can easily be inserted 
more intimately into the external auditory meatus 2. 
[0036] The earplug 4C has a recess 49 defined in the 
outer end thereof. The earphone also includes an excit- 
er 5C which has an outwardly extending tapered protru- 
sion 30 on the center of the vibratory plate 8, which is 
to be received in the recess 49. The tapered protrusion 
30 is slightly larger in diameter than the recess 49. When 
the protrusion 30 is inserted in the recess 49, joining the 
exciter 5C and the earplug 4C to each other, the recess 

49 and the portion of the earplug 4C which surrounds 
the recess 49 are spread radially outwardly. When the 
earphone is worn by the user, and the exciter 5C and 
the earplug 4C are thus coupled to each other, the outer 
end of the earplug 4C is spread radially outwardly as an 
expanded portion 32 which is pressed against held in 
intimate contact with the open end of the external audi- 
tory meatus 2. Therefore, when used in the ear of the 
user, the earphone according to the sixth embodiment 
provides an increased sound insulating capability 
against the entry of external noise into the external au- 
ditory meatus 2. The material of the earplug 4C and the 
internal structure of the exciter 5C are identical to those 
of the earphone according to the first embodiment. 
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7TH EMBODIMENT: 

[0037] FIG. 11 shows an earphone according to a sev- 
enth embodiment of the present invention. The ear- 
5 phone according to the seventh embodiment comprises 
an exciter 5D and a conically tapered earplug 4D for 
easy insertion into and intimate contact with the inner 
circumferential surface of the external auditory meatus 
2. 

10 [0038] The earplug 4D has a bottom, i.e., the outer 
end thereof, bonded to the vibratory plate 8 of the exciter 
5D by an adhesive or the like which prevents the exciter 
5D and the earplug 4D from being detached from each 
other once bonded together. Because the earplug 4D 

f5 and the exciter 5D are firmly joined to each other, the 
earphone can be worn by the user in one operation, or 
the user is not required to attach the earplug 4D and the 
exciter 5D separately, i.e., to insert the earplug 4D into 
the external auditory meatus 2 and then attach the ex- 

20 citer 5D to the earplug 4D. The conically tapered shape 
of the earplug 4D prevents itself from being inserted into 
the external auditory meatus 2 as deeply as the cylin- 
drical earplug such as shown in FIGS. 2 and 3, and 
hence has a lower sound insulating capability against 

25 the entry of external noise. However, the earphone with 
the conically tapered earplug is much better at noise 
prevention and sound perception than conventional ear- 
phones in medium noise level. When the earphone with 
the conically tapered earplug is used with an audio sys- 

30 tern, the leakage of reproduced sound from the ear- 
phone into the space outside of the ear is quite low. 
Therefore, the earphone can effectively be used with a 
portable cassette recorder. 



[0039] FIG. 12 shows an earphone according to an 
eighth embodiment of the present invention. 
[0040] The earphone shown in FIG. 1 2 has an exciter 
5F and a conically tapered earplug 4F which are inte- 
grally joined to each other, the earplug 4F having a cen- 
tral axis displaced off the central axis Xq of the exciter 
5F. It is known that the central axis of the external audi- 
tory meatus 2 is usually not aligned with, but displaced 
from, the central axis of the concha of the ear. Based on 
the average distance between the central axis of the ex- 
ternal auditory meatus and the central axis of the concha 
among possible users, the central axis of the earplug 
4F is displaced off the central axis Xq of the exciter 5F 
for allowing the earphone to be fitted neatly in the ear. 
Another advantage is that since the exciter 5F may be 
increased in size by the distance between the central 
axis X 1 of the earplug 4F and the central axis Xq of the 
exciter 5F, the exciter 5F may have an increased driving 
capability for better sound reproduction. 
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9TH EMBODIMENT: 

[0041] FIGS. 13 and 1 4 show an earphone according 
to a ninth embodiment of the present invention. 
[0042] The earphone shown in FIG. 13 has an exciter 
5G and a conically tapered earplug 4G which are inte- 
grally joined to each other, the exciter 5G having a cen- 
tral axis Xq inclined a certain angle to the central axis 
X., of the earplug 4G. The exciter 5G which is thus in- 
clined to the earplug 4G can snugly be fitted in the con- 
cha 26 (see FIG. 14) of the ear, and, after fitted, is less 
liable to be detached from the concha 26. Since the ex- 
citer 5G is inclined with respect to the axis of the external 
auditory meatus 2 when placed in the ear, the exciter 
5G is positioned clear of projecting portions of the ear. 
Accordingly, the exciter 5G may be increased in size for 
a higher driving capability. 

[0043] In the above embodiments, the earplugs are of 
a uniform hardness, density, or material throughout their 
cylindrical or conical shape. However, the earplug of an 
earphone according to the present invention may be of 
an internal structure having a plurality of regions of dif- 
ferent hardnesses, densities, or materials, as shown in 
FIGS. 15 through 19. 

[0044] FIG. 1 5 shows an earplug 4H which is heavier 
and harder in a region 34 near the outer end or the vi- 
bration receiving surface 9 held against an exciter, and 
which is lighter and softer progressively or stepwise in 
a region 35 toward the inner end. Since the exciter is 
much heavier and harder than the earplug 4H as a 
whole, an elastic wave transmitted from the exciter into 
the earplug 4H is subject to a transmission loss. The 
heavier and harder region 34 of the earplug 4H serves 
to reduce such a transmission loss because the weight 
and hardness of the earplug 4H in the region 34 near 
the outer end which contacts the exciter are closer to 
those of the exciter. The reduced transmission loss re- 
sults in an increased elastic wave transmission efficien- 
cy for an increased intensity of sound reproduced by the 
earphone. The earplug 4H of composite properties may 
be made of either a single material that is processed to 
provide different densities in different regions of the ear- 
plug, or different materials of different hardnesses, den- 
sities, and weights that are arranged in different regions 
of the earplug. 

[0045] FIG. 16 illustrates an earplug 41 including a 
conical harder member 36 fitted in the outer end or the 
vibration receiving surface 9 thereof for reducing a 
transmission loss. 

[0046] FIG. 17 shows an earplug 4J including a hard 
member 37 of greater hardness, density, and weight at- 
tached to the outer end thereof. The hard member 37 
may not necessarily be of the same material as the ear- 
plug 4J insofar as it can reduce a transmission loss. 
[0047] FIGS. 1 8A and 1 8B show an earplug 4K includ- 
ing a cylindrical hard core member 38 disposed therein 
and extending axially therethrough between the inner 
and outer ends. The hard core member 38 is harder, 
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heavier, and denser than a surrounding softer sleeve 
member. 

[0048] FIG. 1 9 shows an acoustic transmission char- 
acteristic (spectrum) of an earplug made of a single ma- 

5 terial. When the earplug is made of a single material, 
upper frequency limit of the sound wave transmitted 
through the earplug is substantially determined accord- 
ing to an equivalent mass of the vibratory plate in the 
exciter and a Young's modulus of the earplug. In this 

10 case, the earplug nearly functions as a first dimensional 
low pass filter. An earplug made of a soft material such 
as a foamed polymer still retains its softness after insert- 
ed into an external auditory meatus of an ear, the trans- 
mittance of sound waves (pressure) vibrated at a pre- 

15 determined acceleration decreases at the rate of 6 dB 
per octave over the frequency of 200 Hz, as shown in 
FIG. 19, Since a spoken human voice has frequency 
components in the frequency range over 200 Hz, an ear- 
plug having such transmission characteristic provide an 

20 indistinctness of the spoken words. In view of this, the 
hard core member 38 is provided in the earplug 4K so 
as to reduce the transmission loss through the earplug. 
[0049] Other modifications of the earplug having a 
hard core member are shown in FIGS. 21 through 25. 

25 in an earplug shown in FIG. 21 , the hard core member 
38a is covered with the softer sleeve member so as to 
be inserted into the external auditory meatus without 
pain or injury thereof. An earplug 4M shown in FIG. 22 
has a softer sleeve member surrounding a hard core 

30 member 38 and being formed tapering at inner edge 
thereof to make a smooth insertion possible. An earplug 
4N shown in FIG. 23 has a softer sleeve member sur- 
rounding a hard core member 38a and covering and ta- 
pering at inner edge thereof. An earplug 40 shown in 

35 FIG. 24 is provided with a core member 38b comprised 
of a plurality of thick core members to produce a flexi- 
bility. An earplug 4P shown in FIG. 25 is provided with 
a core member 38c having a plurality of notches at an 
outer circumfential surface thereof to produce a flexibil- 

40 ity. 

[0050] As a material of the core members 38, 38a to 
38c, a foamed rubber sponge, etc., having a flexibility 
of hardness of a vinyl chloride polymer, having the 
Young modulus of 5 to 20, can be used. Alternatively, 

45 an urethane foam, a vinyl chloride foam and a polypro- 
pylene foam, etc., having an applicability in density and 
hardness thereof can be used. 
[0051] FIG. 20 shows an acoustic transmission char- 
acteristic of an earplug made of complex materials, as 

so described above. As can be seen from FIG. 20, the 
transmission characteristic is remarkably improved over 
the frequency of 200 Hz. An elastic wave from the ex- 
citer is propagated primarily through the hard core mem- 
ber 38. External noise can be insulated by the softer 

55 sleeve member surrounding the hard core member 38. 
The earplug 4K is therefore effective to increase the in- 
tensity of reproduced sound. 

[0052] FIG. 26 shows an earplug 40Q including a sol 
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body 39 disposed therein and extending axially there- 
through between the inner and outer ends. The sol body 
39 may be a sol of silicone oil or the like. The sol body 
39 is encased in a flexible sleeve of high-strength plastic 
material. The sol body 39 is progressively tapered from 
the outer end to the inner end of the earplug 4L As with 
the earplug 4K shown in FIGS. 18A and 18B, the sol 
body 39 serves to propagate an elastic wave from the 
exciter therethrough. 

10TH EMBODIMENT: 

[0053] FIG. 27 shows an earphone according to a 
tenth embodiment of the present invention. 
[0054] The earphone shown in FIG. 27 is arranged to 
improve acoustic impedance matching between an ex- 
citer 5 and an earplug 4M. 

[0055] As shown in FIG. 27, the exciter 5 of the ear- 
phone has a disc-shaped thin large-diameter elastic 
member 40 bonded to the vibratory plate 8 thereof. The 
elastic member 40 is of the same material as the earplug 
40R, and has a radially larger outer profile or area than 
the earplug 40R. Since the earplug 40R and the elastic 
member 40 have the same acoustic characteristics, 
acoustic impedance matching is achieved between the 
earplug 40R and the elastic member 40 and hence im- 
proved between the earplug 40R and the exciter 5. Con- 
sequently, the efficiency with which the elastic wave is 
transmitted from the exciter 5 to the earplug 40R is in- 
creased. The wide area of the elastic member 40 allows 
the earplug 40R to be positioned relatively freely with 
respect to the exciter 5. Therefore, the earplug 40R and 
the exciter 5 may be joined to each other without strict 
positional limitations, and hence may be handled with 
ease when they are joined to each other. 
[0056] FIG. 28 shows the principles of another ear- 
phone according to the present invention. 
[0057] As shown in FIG. 28, an earphone according 
to the present invention has an earplug 4 insertable into 
the external auditory meatus 2 of an ear 1, the earplug 
4 being made of a sound insulating material, and an 
elastic vibration generator 5M responsive to an electric 
signal V )N applied thereto for generating and transmit- 
ting an elastic wave V E indirectly to an outer end of the 
earplug 4 remote from the inner end thereof to be insert- 
ed in the external auditory meatus 2. The elastic vibra- 
tion generator 5M is held out of contact with the outer 
end of the earplug 4 for transmitting the elastic wave V E 
indirectly to the earplug 4. 

[0058] As with the earphone shown in FIG. 1 , the ear- 
plug 4, which serves as an elastic wave propagation me- 
dium, is effective to block external noise, and also to 
propagate the elastic wave V E efficiently. The elastic 
wave V E generated by the elastic vibration generator 5M 
is transmitted indirectly to the earplug 4 which is held 
out of contact with the elastic vibration generator 5M. 
Because the elastic vibration generator 5M and the ear- 
plug 4 are separate and independent from each other, 
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they can be handled and used freely with ease. If the 
earphone shown in FIG. 28 is used with a helmet worn 
by a racing car driver, then the elastic vibration genera- 
tor 5M is connected to the helmet and the earplug 4 is 

5 put in the ear of the driver. The elastic vibration gener- 
ator 5M and the earplug 4 do not need to be accurately 
positioned with respect to each other when the helmet 
is worn by the driver. In addition, the helmet can be put 
on or taken off quite easily as the elastic vibration gen- 

10 erator 5M and the earplug 4 are not joined to each other. 

11 TH EMBODIMENT: 

[0059] FIGS. 29 and 30 show an earphone according 

15 to an eleventh embodiment of the present invention. 
[0060] As shown in FIG. 29, the earphone comprises 
an earplug 4 and an exciter 5M which are held out of 
contact with each other. An elastic wave generated by 
the exciter 5M is transmitted indirectly (more specifical- 

20 |y, magnetically) to the earplug 4. 

[0061] The earplug 4 is in the shape of a rod or cylin- 
der, and made of a sound insulating material such as an 
elastic foamed polymer, e.g., urethane foam. When 
compressed, the earplug 4 is elastically restorable to its 

25 original shape. The earplug 4 includes a circular vibra- 
tory plate 6 attached to its outer end remote from the 
inner end to be inserted in the external auditory meatus 
of an ear, the vibratory plate 6 having a diameter which 
is substantially the same as that of the earplug 4. The 

30 vibratory plate 6 is made of a metal or magnetic material 
such as iron. 

[0062] As shown in FIG. 30, the exciter 5M comprises 
a magnetic generator having a closed hollow cylindrical 
casing 42 of resin, a bottomed cylindrical yoke 50 dis- 

35 posed in the casing 42, a cylindrical magnet 43 and a 
cylindrical center pole 44 which are axially joined to each 
other and disposed centrally in the yoke 50 in the axial 
direction of the casing 42, and a ring-shaped voice coil 
45 placed in a gap defined between the inner circumfer- 

40 ential edge of the open end of the yoke 50 and the outer 
circumferential surface of the magnet 43. The casing 42 
has a vibratory surface or plate 8 facing the vibratory 
plate 6 of the earplug 4. The voice coil 45 is attached to 
the vibratory plate 8. The magnet 43, the center pole 44, 

45 and the yoke 50 jointly make up a magnetic circuit for 
generating a direct magnetic field, in which the voice coil 
45 is placed. When an electric signal V, N is supplied to 
the voice coil 45, the vibratory plate 8 of the exciter 5M 
produces an alternating magnetic field which is biased 

50 by the direct magnetic field and represents the applied 
electric signal V (N . 

[0063] The magnetic excitation of the exciter 5M can 
be transmitted to the earplug 4 which is held out of con- 
tact with the exciter 5M. More specifically, in use, the 
55 earplug 4 is inserted into the external auditory meatus 
of an ear of the user such that the vibratory plate 6 faces 
outwardly of the ear. Then, the vibratory plate 8 of the 
exciter 5M is placed near the vibratory plate 6 out of con- 
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tact therewith. When an electric signal V, N is supplied to 
the voice coil 45, the vibratory plate 8 of the exciter 5M 
produces an alternating magnetic field V M (see FIG. 28) 
corresponding to the electric signal V| N . The alternating 
magnetic field V M is applied to the vibratory plate 6. The 
vibratory plate 6 is vibrated, i.e., attracted toward and 
repelled from the exciter 5M, at a frequency correspond- 
ing to the frequency of the alternating magnetic field V M . 
The vibration of the vibratory plate 6 is propagated as 
an elastic wave V E through the earplug 4. When the 
elastic wave V E reaches the inner end of the earplug 4, 
the inner end vibrates at the same frequency as the fre- 
quency of the applied electric signal V )N , radiating a 
sound wave V A into the external auditory meatus 2. 
[0064] Since the exciter 5M and the vibratory plate 6 
are magnetically coupled to each other and the elastic 
wave V E is produced and transmitted through the ear- 
plug 4 based on such magnetic coupling, the earplug 4 
can insulate external noise and transmit sound clearly 
from the exciter 5M without being physically joined 
thereto. The exciter 5M and the earplug 4 can easily be 
handled and are not required to be positionally adjusted 
strictly with respect to each other as they are separate 
and independent from each other. The earphone with 
the exciter 5M and the earplug 4 being separate from 
each other is advantageous when used in a helmet to 
be worn by the user because the user can easily put on 
or take off the helmet with the exciter 5M attached to the 
helmet and the earplug 4 left in the ear. 

12TH EMBODIMENT. 

[0065] FIG. 31 illustrates an earphone according to a 
twelfth embodiment of the present invention. 
[0066] According to the twelfth embodiment shown in 
FIG. 31, the earphone is incorporated in a helmet. The 
earphone comprises an earplug 4 and an exciter 5M 
which are separate from each other. The earplug 4 and 
the exciter 5M are identical to those shown in FIGS. 29 
and 30. The exciter 5M is attached to an inner surface 
of a helmet shell 46 at a position corresponding to the 
external auditory meatus 2 of an ear of the user. In use, 
the user inserts the earplug 4 into the external auditory 
meatus 2 with the vibratory plate 6 facing outwardly 
thereof, and then puts on the helmet shell 46. The hel- 
met includes cushioning pads 47 of vibration damping 
material attached to the inner surface thereof by adhe- 
sive bonding and which, when the helmet is worn, con- 
tact the head of the user and holds the exciter 5M 
spaced from the vibratory plate 6 in the vicinity thereof. 
The vibratory plate 6 and the exciter 5M are thus main- 
tained out of contact with each other, but magnetically 
coupled to each other for the transmission of repro- 
duced sound. The earplug 4 can therefore transmit re- 
produced sound while insulating external noise. The 
earphone shown in FIG. 31 is particularly suitable for 
use by the driver of a racing car. 
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13TH EMBODIMENT: 

[0067] FIG. 32 illustrates an earphone according to a 
thirteenth embodiment of the present invention. 

5 [0068] According to the thirteenth embodiment shown 
in FIG. 32, the earphone is constructed as a headphone. 
The earphone comprises an earplug 4 and an exciter 
5M which are separate from each other, the earplug 4 
and the exciter 5M being identical to those shown in 

10 FIGS. 29 and 30. The exciter 5M is attached to one end 
or each end of a headband 52 with a spacer 51 mounted 
on an inner surface thereof. When the headband 52 is 
worn by the user, the exciter 5M is spaced from the vi- 
bratory plate 6 by the spacer 51 . Therefore, the vibratory 

15 plate 6 and the exciter 5M are kept out of contact with 
each other, but magnetically coupled to each other in 
use. The earphone shown in FIG. 32 is particularly suit- 
able for use by a pit member in a car race paddock. 

20 14TH EMBODIMENT: 

[0069] FIG. 33 shows an earplug for an earphone ac- 
cording to a fourteenth embodiment of the present in- 
vention. 

25 [0070] The earplug, generally designated by 4N in 
FIG. 33, is substantially cylindrical or rod-shaped and 
elongate axial ly. The earplug 4N has a radially outwardly 
enlarged portion 52 on its outer end. The axial length of 
the earplug 4N is such that when the earplug 4N is in- 

30 serted in the external auditory meatus of an ear, the por- 
tion of the earplug 4N, including the enlarged portion 52, 
which extends out of the external auditory meatus is 
about 5 mm longer than that of the earplug 4 according 
to the previous embodiments. The earplug 4N is there- 

35 fore reliably held in contact with an exciter 5N shown in 
FIG. 34. The radial size of the enlarged portion 52 may 
be selected such that when the earplug 4N is inserted 
in the external auditory meatus, it can easily be handled 
and nearly fitted in the ear, and the enlarged portion 52 

40 provides a large area of contact with the exciter 5N with- 
out strictly positioning the exciter 5N with respect to the 
enlarged portion 52. The material of the earplug 4N is 
the same as that of the earplug 4 shown in FIGS. 2 and 
3. 

45 [0071] As shown in FIG. 34, the exciter 5N is attached 
to an inner surface of a helmet shell 46 through a cush- 
ioning pad 53 of vibration damping material at a position 
corresponding to the external auditory meatus 2 of the 
ear of the user. The cushioning pad 53 serves to acous- 

50 tically isolate the helmet shell 46 and the exciter 5N from 
each other for preventing unwanted vibratory noise from 
being transmitted from the helmet shell 46 to the exciter 
5N. The cushioning pad 53 also allows the exciter 5N to 
apply elastic vibrations generated thereby to the earplug 

55 4N efficiently without being adversely affected by the 
helmet shell 46 which is heavy. The helmet also includes 
cushioning pads 47 of vibration damping material at- 
tached to the inner surface thereof by adhesive bonding. 
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[0072] In use, the earplug 4N is inserted into the ex- 
ternal auditory meatus 2 before the helmet is worn. At 
this time, the outer end of the earplug 4N projects about 
5 mm from the open end of the external auditory meatus 
2. Then, when the helmet is worn, the enlarged portion 
52 is brought into contact with the exciter 5N. Since the 
enlarged portion 52 has a large area of contact, it is held 
in reliable and stable contact with the exciter 5N for ef- 
ficient transmission of the elastic vibration from the ex- 
citer 5N to the earplug 4N even if the earplug 4N is not 
properly inserted or the exciter 5N is not positioned in 
exact alignment with the earplug 4N. Accordingly, the 
earplug 4N and the exciter 5N can be handled with ease, 
and the elastic wave can be propagated through the ear- 
plug 4N efficiently. 

[0073] The earplug 4N and the exciter 5N with the 
cushioning pad 53 shown in FIGS. 33 and 34 may be 
combined with a headband as shown in FIG. 32. 
[0074] I n the above embodiments, the exciter and the 
transceiver are electrically connected to each other by 
the leads 7. However, signals can be transmitted from 
the transceiver to the exciter by a wireless transmission 
device or radio transmitter. 

[0075] The invention may be embodied in other spe- 
cific forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being in- 
dicated by the appended claims rather than by the fore- 
going description, and all changes which come within 
the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 



Claims 

1. An earphone comprising: 

an earplug (4,4C) of sound insulating elastic 
material for fitting in an ear (1 ); and 
an elastic vibration generator (5,5M,5N) re- 
sponsive to an electric signal (V, M ) supplied 
thereto for generating and applying an elastic 
wave (V z ), corresponding to the supplied elec- 
tric signal, to an outer end (9) of the earplug 
(4,4C); characterised by: 
the earplug (4.4C) in use fitting in and shutting 
the external auditory meatus (2) of the ear (1) 
so as to acoustically isolate the external audi- 
tory meatus from the outside of the ear. 

2. An earphone according to claim 1 , wherein said ear- 
plug (4,46) transmits the elastic wave (V E ) to its in- 
ner end, and the inner end vibrates at the frequency 
of the electric signal to permit air confined in a space 
between the inner end of the earplug and an ear 
drum (3) of a user to vibrate so that a sound wave 
(V A ) corresponding to the electric signal is transmit- 
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ted to the ear drum. 

3. An earphone according to claim 1 or 2, wherein said 
elastic vibration generator (5.5M.5N) is held in con- 

5 tact with said earplug (4.4C) to directly apply the 
elastic wave to the outer end of the earplug. 

4. An earphone according to claim 3, wherein said out- 
er end of the earplug (4,4C) and said elastic vibra- 

10 tion generator (5.5M.5N) are detachably joined to 
each other. 

5. An earphone according to claim 3 or 4, wherein one 
of said outer end of the earplug (4,4C) and said 

is elastic vibration generator (5.5M.5N) has a recess 
(28,48,49) defined therein, and the other of said out- 
er end of the earplug and said elastic vibration gen- 
erator (5.5M.5N) has a protrusion (27,30) finable in 
said recess. 

20 

6. An earphone according to claim 5, wherein said pro- 
trusion (27,30) has an outside diameter larger than 
the inside diameter of said recess. 

25 7. An earphone according to claim 4, further compris- 
ing a detachable adhesive member (29) interposed 
between said outer end of the earplug (4,4C) and 
said elastic vibration generator (5). 

30 8. An earphone according to any one of claims 4, 5 
and 6, wherein said earplug (4,4C) comprises a ta- 
pered inner end insertable in the external auditory 
meatus. 

35 9. An earphone according to claim 4, wherein said ear- 
plug (4,4C) has a central axis (X*,) displaced off the 
central axis (Xq) of said elastic vibration generator 
(5,5M,5N). 

40 10. An earphone according to any one of claims 1 to 4, 
wherein said earplug (4.4C) is of a rod-shape made 
of an elastic material, and includes a harder region 
(34) near said outer end thereof. 

45 1 1 . An earphone according to any one of claims 1 to 4, 
wherein said earplug (4,4C) is of a rod-shape made 
of an elastic material, and has a harder member 
(38) extending axially therethrough. 

50 12. An earphone according to claim 11, wherein said 
harder member (38) is flexible in a radial direction 
of the earplug (4.4C). 

13. An earphone according to claim 11 or 12, wherein 
55 said harder member (38) extends axially between 

said outer end thereof and an inner end thereof. 

14. An earphone according to any one of the claims 1 
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to 4, wherein said earplug (4.4C) is of a rod-shape 
made of an elastic material, and includes a solid 
member (39) extending axially therethrough be- 
tween said outer end thereof and an inner end 
thereof. 

15. An earphone according to claim 4, further including 
a thin member (40) attached to a surface (8) of said 
elastic vibration generator (5.5M.5N) which is held 
in contact with said outer end of the earplug (4.4C), 
said thin member being of the same material as said 
earplug. 

16. An earphone according to claim 15, wherein said 
thin member (40) is larger in diameter than said out- 
er end of the earplug (4.4C). 

17. An earphone according to claim 1 or 2, wherein said 
elastic vibration generator (5,5M,5N) is held out of 
contact with said earplug (4,4C) to indirectly apply 
the elastic wave to the outer end of the earplug. 

18. An earphone according to claim 17, wherein said 
elastic wave generator (5M) comprises a magnetic 
generator for generating a magnetic field corre- 
sponding to the electric signal supplied thereto, fur- 
ther including a magnetic member (6) attached to 
said outer end of the earplug (4.4C). 

19. A hearing device comprising: 

an earphone according to claim 1; and 
a headgear (46,52) to be worn by a user, said 
elastic vibration generator (5,5M,5N) being at- 
tached to the headgear at a position corre- 
sponding to the external auditory meatus. 

20. A hearing device according to claim 19, wherein 
said earplug (4,4C) transmits the elastic wave to its 
inner end, and the inner end of the earplug vibrates 
at the frequency of the electric signal to permit air 
confined in a space between the inner end of the 
earplug and an ear drum (3) of a user to vibrate so 
that a sound wave (V A ) corresponding to the elastic 
signal is transmitted to the ear drum. 

21. A hearing device according to claim 19 to 20, 
wherein said headgear comprises a helmet (46,52), 
and said elastic vibration generator (5.5M.5N) is at- 
tached to an inner surface of the helmet. 

22. A hearing device according to claim 19 or 20, 
wherein said headgear comprises a headband (52), 
and said elastic vibration generator (5,5M,5N) is at- 
tached to an inner surface of the headband. 

23. A hearing device according to any one of claims 1 9 
to 22, wherein said earplug (4.4C) and said elastic 
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vibration generator (5,5M,5N) are held out of con- 
tact with each other, whereby the elastic wave gen- 
erated by said elastic vibration generator is applied 
indirectly to said earplug. 

5 

24. A hearing device according to claim 23, further in- 
cluding a vibration damping member (53), said elas- 
tic vibration generator (5,5M,5N) being attached to 
said inner surface of the headgear through said vi- 
io bration damping member, said earplug (4.4C) being 
of an elongate shape including an enlarged portion 
at said outer end thereof. 



is PatentansprQche 

1. Kopfhorer, der umfaBt: 

einen Ohrstopsel (4, 4C) aus schallisolieren- 
20 dem Material zum Einstecken in ein Ohr (1); 

und 

einen Erzeuger (5, 5M, 5N) elastischer Schwin- 
gung, der auf ein ihm zugefuhrtes elektrisches 
25 Signal (V in ) reagiert und eine elastische Welle 

(V z ), die dem zugefuhrten elektrischen Signal 
entspricht, erzeugt und diese auf ein auBeres 
Ende (9) des Ohrstopsels (4, 4C) wirken laBt; 
dadurch gekennzeichnet, daB: 

30 

der Ohrstopsel (4. 4C) in Funktion in den auBe- 
ren Gehdrgang (2) des Ohrs (1) paBt und ihn 
verschlieBt, urn so Schallisolierung des auBe- 
ren Gehdrgangs von der auBeren Umgebung 
35 des Ohrs zu bewirken. 

2. Kopfhorer nach Anspruch 1 , wobei der Ohrstopsel 
(4, 46) die elastische Welle (V E ) zu seinem inneren 
Ende durchlaBt und das innere Ende mit der Fre- 

40 quenz des elektrischen Signals schwingt, so daB in 
einem Raum zwischen dem inneren Ende des Ohr- 
stopsels und einem Trommelfell (3) eines Benut- 
zers eingeschlossene Luft so schwingen kann, daB 
eine Schallwelle (V A ), die dem elektrischen Signal 

45 entspricht, zu dem Trommelfell Obertragen wird. 

3. Kopfhorer nach Anspruch 1 Oder 2, wobei der Er- 
zeuger (5, 5M, 5N) elastischer Schwingung mit dem 
Ohrstopsel (4, AC) in Kontakt gehalten wird, urn die 

50 elastische Welle direkt auf das auBere Ende des 
Ohrstopsels wirken zu lassen. 

4. Kopfhorer nach Anspruch 3, wobei das auBere En- 
de des Ohrstopsels (4 4C) und der Erzeuger (5, 5M, 

ss 5N) elastischer Schwingung losbar miteinander 
verbunden sind. 

5. Kopfhorer nach Anspruch 3 Oder 4, wobei entweder 



11 



EP00051 7497 [file:/A\dcwas03\firmdata\ip\FoleyPat\PatentDocuments\EP00051 7497.CPC 1 



Page 12 of 29 



21 

das auGere Ende des Ohrstopsels (4, 4C) oder der 
Erzeuger (5, 5M, 5N) elastischer Schwingung eine 
Vertiefung (28, 48, 49) darin aufweist, und der an- 
dere Abschnitt, d.h., entweder das auGere Ende 
des Ohrstopsels oder der Erzeuger (5, 5M, 5N) ela- 
stischer Schwingung, einen Vorsprung (27, 30) auf- 
weist, der in die Vertiefung eingepaGt werden kann. 

6. Kopfhorer nach Anspruch 5, wobei der Vorsprung 
(27, 30) einen AuGendurchmesser hat, der groGer 
ist als der Innendurchmesser der Vertiefung. 

7. Kopfhorer nach Anspruch 4, der des weiteren ein 
abnehmbares Haftelement (29) umfaGt, das sich 
zwischen dem auGeren Ende des Ohrstopsels (4, 
4C) und dem Erzeuger (5) elastischer Schwingung 
befindet. 

8. Kopfhorer nach einem der Anspruche 4, 5 und 6, 
wobei derOhrstopsel (4, 4C) ein konisches inneres 
Ende umfaGt, das in den auGeren Gehorgang ein- 
gefuhrt werden kann. 

9. Kopfhorer nach Anspruch 4, wobei der Ohrstopsel 
(4, 4C) eine Mittelachse (X^ hat, die gegenuberder 
Mittelachse Xq des Erzeugers (5, 5M, 5N) elasti- 
scher Schwingung versetzt ist. 

10. Kopfhorer nach einem der Anspruche 1 bis 4, wobei 
der Ohrstopsel (4, 4C) eine Stangenform aus einem 
elastischen Material hat und einen harteren Bereich 
(34) in der Nahe des auGeren Endes desselben ent- 
halt. 

1 1 . Kopfhorer nach einem der Anspruche 1 bis 4, wobei 
der Ohrstopsel (4, 4C) eine Stangenform aus einem 
elastischen Material hat und ein harteres Element 

(38) aufweist, das sich axial durch selbigen hin- 
durch erstreckt. 

12. Kopfhorer nach Anspruch 11, wobei das hartere 
Element (38) in einer radialen Richtung des Ohr- 
stopsels (4, 4C) flexibel ist. 

13. Kopfhorer nach Anspruch 11 oder 12, wobei das 
hartere Element (38) sich axial zwischen dem au- 
Geren Ende desselben und einem inneren Ende 
desselben erstreckt. 

14. Kopfhorer nach einem der Anspruche 1 bis 4, wobei 
derOhrstopsel (4, 4C) eine Stangenform aus einem 
elastischen Material hat und ein massives Element 

(39) enthalt, das sich axial zwischen dem auGeren 
Ende desselben und einem inneren Ende dessel- 
ben durch ihn hindurch erstreckt. 

15. Kopfhorer nach Anspruch 4, der des weiteren ein 
dunnes Element (14) enthalt, das an einer Oberfla- 
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che (8) des Erzeugers (5, 5M, 5N) elastischer 
Schwingung angebracht ist, die in Kontakt mit dem 
auGeren Ende des Ohrstopsels (4, 4C) gehalten 
wird, wobei das dunne Element aus dem gleichen 
5 Material besteht wie der Ohrstopsel. 

16. Kopfhorer nach Anspruch 1 5, wobei das dunne Ele- 
ment (40) einen groGeren Durchmesser hat als das 
auGere Ende des Ohrstopsels (4, 4C). 

10 

17. Kopfhorer nach Anspruch 1 oder 2, wobei der Er- 
zeuger (5, 5M, 5N) elastischer Schwingung nicht 
mit dem Ohrstopsel (4, 4C) in Kontakt ist und die 
elastische Welle indirekt auf das auGere Ende des 

is Ohrstopsels wirken laGt. 

18. Kopfhorer nach Anspruch 17, wobei der Erzeuger 
(5M) elastischer Wellen einen Magnetfelderzeuger 
umfaGt, der ein Magnetfeld erzeugt, das dem ihm 

20 zugef Oh rten elektrischen Signal entspricht, und des 
weiteren ein Magnetelement (6) enthalt, das am au- 
Geren Ende des Ohrstopsels (4, 4C) angebracht ist. 

19. Horvorrichtung, die umfaGt: 

25 

einen Kopfhorer nach Anspruch 1 ; und 

einen Kopfaufsatz (46. 52), der von einem Be- 
nutzer getragen wird, wobei der Erzeuger (5, 
30 5M, 5N) elastischer Schwingung an dem Kopf- 

aufsatz an einer Position angebracht ist, die 
dem auGeren Gehorgang entspricht. 

20. Horvorrichtung nach Anspruch 1 9, wobei der Ohr- 
35 stopsel (4, 4C) die elastische Welle zu seinem in- 
neren Ende durchlaGt und das innere Ende des 
Ohrstopsels mit der Frequenz des elektrischen Si- 
gnals schwingt, so daG in einem Raum zwischen 
dem inneren Ende des Ohrstopsels und einem 
Trommelfell (3) eines Benutzers eingeschlossene 
Luft so schwingen kann, daG eine Schallwelle (V A ), 
die dem elektrischen Signal entspricht, zu dem 
Trommelfell Qbertragen wird. 

45 21 . Horvorrichtung nach Anspruch 1 9 bis 20, wobei der 
Kopfaufsatz einen Helm (46, 52) umfaGt und der Er- 
zeuger (5, 5M, 5N) elastischer Schwingung an einer 
Innenflache des Helms angebracht ist. 

50 22. Horvorrichtung nach Anspruch 19 oder 20, wobei 
der Kopfaufsatz einen KopfbOgel (52) umfaGt und 
der Erzeuger (5, 5M, 5N) elastischer Schwingung 
an einer Innenflache des Kopfbugels angebracht 
ist. 

55 

23. Horvorrichtung nach einem der Anspruche 1 9 bis 
22, wobei der Ohrstopsel (4, 4C) und der Erzeuger 
(5, 5M, 5N) elastischer Schwingung nicht miteinan- 
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der in Kontakt sind, so daft die von dem Erzeuger 
elastischer Schwingung erzeugte elastische Welle 
indirekt auf den Ohrstopsel wirkt. 

24. Horvorrichtung nach Anspruch 23, die des weiteren 
ein Schwingungsdampfelement (53) enthalt, wobei 
der Erzeuger (5, 5M, 5N) elastischer Schwingung 
uber das Schwingungsdampfelement an der Innen- 
flache des Kopfaufsatzes angebracht ist und der 
Ohrstopsel (4, 4C) eine langliche Form hat, die ei- 
nen vergroBerten Abschnitt am auGeren Ende des- 
selben einschlieBt. 



Revendicatlons 

1. Ecouteur comportant: 

un bouchon auriculaire (4, 4C) en materiau 
elastique isolant phonique, destine a §tre place 
dans une oreille (1); et 

un g6nerateur (5, 5M, 5N) de vibrations elasti- 
ques r6pondant a un signal electrique (V, N ) qui 
lui est delivre, pour gen6rer et appliquersur une 
extremite exterieure (9) du bouchon auriculaire 
(4, 4C) une onde elastique (V z ) correspondant 
au signal electrique d6livrd; caracteris6 en ce 
que 

en utilisation, le bouchon auriculaire (4, 4C) 
s'ajuste dans le conduit auditif externe (2) de 
I'oreille (1) et le terme de maniere a isoler 
acoustiquement le conduit auditif externe vis- 
a-vis de I'exterieur de I'oreille. 

2. Ecouteur selon la revendication 1 , dans lequel ledit 
bouchon auriculaire (4, 4C) transmet I'onde elasti- 
que (V E ) a son extremite interne, et I'extr6mit6 in- 
terne vibre a la frequence du signal electrique pour 
permettre a I'air confine dans un espace situ6 entre 
I'extremite interne du bouchon auriculaire et le tym- 
pan (3) d'un utilisateur de vibrer de telle sorte 
qu'une onde acoustique (V A ) correspondant au si- 
gnal electrique sort transmise au tympan. 

3. Ecouteur selon les revendications 1 ou 2, dans le- 
quel ledit gSnerateur (5, 5M, 5N) de vibrations eias- 
tiques est maintenu en contact avec ledit bouchon 
auriculaire (4, 4C) de maniere a appliquer I'onde 
elastique directement sur I'extremite exterieure du 
bouchon auriculaire. 

4. Ecouteur selon la revendication 3, dans lequel ladi- 
te extremite exterieure du bouchon auriculaire (4, 
4C) et ledit generateur (5, 5M, 5N) de vibrations 
elastiques sont relies Pun a I'autre de maniere de- 
tachable. 

5. Ecouteur selon la revendication 3 ou 4, dans lequel 



I'un parmi ladite extremite exterieure du bouchon 
auriculaire (4, 4C) et ledit gen6rateur (5, 5M, 5N) 
de vibrations elastiques presente un creux (28, 48, 
49) qui y est defini, et I'autre parmi ladite extremite 
s exterieure du bouchon auriculaire et ledit genera- 
teur (5, 5M, 5N) de vibrations elastiques presente 
une saillie (27, 30) ajustable dans ledit creux. 

6. Ecouteur selon la revendication 5, dans lequel ladi- 
10 te saillie (27, 30) presente un diametre exterieur 

plus grand que le diametre interieur dudit creux. 

7. Ecouteur selon la revendication 4, comportant en 
outre un element adh6sif detachable (29) intercaie 

is entre ladite extremite exterieure du bouchon auri- 
culaire (4, 4C) et ledit g6nerateur (5) de vibrations 
elastiques. 



20 



25 



30 



35 



8. Ecouteur selon I'une quelconque des revendica- 
tions 4, 5 et 6, dans lequel ledit bouchon auriculaire 
(4, 4C) comporte une extremite interne effiiee apte 
a etre inseree dans le conduit auditif externe. 

9. Ecouteur sur la revendication 4, dans lequel ledit 
bouchon auriculaire (4, 4C) presente un axe central 
(X^ decale par rapport a I'axe central (Xq) dudit ge- 
nerateur (5, 5M, 5N) de vibrations elastiques. 

10. Ecouteur sur I'une quelconque des revendications 
1 a 4, dans lequel ledit bouchon auriculaire (4, 4C) 
presente la forme d'une barre r6alis6e en un mate- 
riau elastique, et comprend une region plus dure 
(34) a proximite de son extremite exterieure. 

11. Ecouteur selon I'une quelconque des revendica- 
tions 1 a 4, dans lequel ledit bouchon auriculaire (4, 
4C) presente la forme d'une barre realis6e en un 
materiau elastique, et presente un element plus dur 
(38) qui le traverse axialement. 

12. Ecouteur selon la revendication 11, dans lequel le- 
dit element plus dur (38) est flexible dans une di- 
rection radiale du bouchon auriculaire (4, 4C). 



45 13. Ecouteur selon la revendication 11 ou 12, dans le- 
quel ledit element plus dur (38) s'etend axialement 
entre sa dite extremite exterieure et sa dite extre- 
mite interne. 

so 14. Ecouteur sur I'une quelconque des revendications 
1 a 4, dans lequel ledit bouchon auriculaire (4, 4C) 
presente la forme d'une barre r6alisee en un mate- 
riau elastique, et comprend un element solide (39) 
qui le traverse axialement entre sa dite extremite 

55 exterieure et sa dite extremite interne. 

15. Ecouteur selon la revendication 4, comportant en 
outre un element mince (40) attache a une surface 
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(8) dudit generateur (5, 5M, 5N) de vibrations 6las- 
tiques, maintenu en contact avec ladite extr6mit6 
exterieure du bouchon auriculaire (4, 4C), ledit ele- 
ment mince etant realise dans le mdme mat6riau 
que tedit bouchon oreille. 

16. Ecouteur selon la revendication 15, dans lequel le- 
dit element mince (40) presente un diametre plus 
grand que ladite extremit6 exterieure du bouchon 
auriculaire (4, 4C). 

17. Ecouteur selon les revendications 1 ou 2, dans le- 
quel ledit generateur (5, 5M, 5N) de vibrations elas- 
tiques est maintenu hors de contact avec ledit bou- 
chon oreille (4, 4C) pour appliquer I'onde elastique 
indirectement sur I'extremite exterieure du bouchon 
auriculaire. 

18. Ecouteur selon la revendication 17, dans lequel le- 
dit generateur (5M) d'ondes elastiques comporte un 
g6n6rateur magn6tique pour g6n6rer un champ 
magnetique correspondant au signal electrique qui 
lui est delivre\ et comporte en outre un element ma- 
gnetique (6) attache a ladite extremity exterieure du 
bouchon auriculaire (4, 4C) . 

19. Dispositif d'ecoute comportant: 

un ecouteur selon la revendication 1 ; et 
un porte-6couteur (46, 52) a. porter par un utili- 
sateur, ledit generateur (5, 5M, 5N) de vibra- 
tions elastiques etant attache au porte-ecou- 
teur dans une position qui correspond au con- 
duit auditif externe. 

20. Dispositif d'ecoute sur la revendication 1 9, dans le- 
quel ledit bouchon auriculaire (4, 4C) transmet I'on- 
de elastique a. son extremite interne, et I'extremite 
interne du bouchon auriculaire vibre a. la frequence 
du signal Electrique pour permettre k Fair confine 
dans un espace situe entre I'extremite interne du 
bouchon auriculaire et letympan (3) d'un utilisateur 
de vibrerde telle sorte qu'une onde sonore (V A ) cor- 
respondant au signal elastique soit transmise au 
tympan. 

21 . Dispositif d'ecoute selon les revendications 1 9 a. 20, 
dans lequel ledit porte-6couteur comporte un cas- 
que (46, 52), et ledit g6n6rateur (5, 5M, 5N) de vi- 
brations elastiques est attache" a; une surface inte- 
rieure du casque. 

22. Dispositif d'ecoute selon la revendication 19 ou 20, 
dans lequel ledit porte-6couteur comporte un ban- 
deau (52), et ledit generateur (5, 5M, 5N) de vibra- 
tions elastiques est attach^ £ une surface interieure 
du bandeau. 
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23. Dispositif d'ecoute sur Tune quelconque des reven- 
dications 1 9 & 22, dans lequel ledit bouchon auricu- 
laire (4, 4C) et ledit generateur (5, 5M,-5N) de vi- 
brations Elastiques sont maintenus hors contact I'un 

s avec I'autre, I'onde elastique generee par ledit ge- 
nerateur de vibrations elastiques etant appliquee 
indirectement sur ledit bouchon auriculaire. 

24. Dispositif d'ecoute selon la revendication 23, com- 
portant en outre un 6l6ment (53) d'amortissement 
des vibrations, ledit gen6rateur (5, 5M, 5N) de vi- 
brations elastiques etant attache & ladite surface in- 
terieure du porte-6couteur par I'intermediaire dudit 
element d'amortissement des vibrations, ledit bou- 
chon auriculaire (4, 4C) etant de forme allong6e et 
comportant une partie agrandie & sa dite extr6mite 
exterieure. 
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